Metformin inhibits growth of thyroid carcinoma cells, suppresses self-renewal of derived cancer stem cells, and potentiates the effect of chemotherapeutic agents.
Hyperinsulinemia and insulin resistance are the major reasons for a higher prevalence of several cancer entities in type 2 diabetes mellitus and obesity. Metformin exerts a growth-inhibitory effect by reducing hyperinsulinemia and by a direct cellular action. We investigated the effect of metformin on growth of differentiated human thyroid cells, anaplastic thyroid carcinoma cells, a doxorubicin-resistant thyroid carcinoma cell line, and thyroid cancer stem cells. The antimitogenic effect of metformin was studied in thyroid cells derived from goiters and in thyroid carcinoma cell lines by analysis of cell growth, cell cycle progression, and apoptosis. Furthermore, the influence of pretreatment with insulin or with chemotherapeutic agents on metformin-induced growth inhibition was investigated in thyroid carcinoma cells, in a doxorubicin-resistant thyroid carcinoma cell line, and in derived carcinoma stem cells. Metformin showed an antimitogenic effect by inhibition of cell cycle progression and induction of apoptosis. In addition, metformin antagonized the growth-stimulatory effect of insulin, inhibited clonal cell growth, reduced thyroid cancer sphere formation, and potentiated the antimitogenic effect of chemotherapeutic agents such as doxorubicin and cisplatin on undifferentiated thyroid carcinoma cells. Remarkably, the antiproliferative effect of metformin was even found in a doxorubicin-resistant thyroid carcinoma cell line. The growth-inhibitory effect of metformin was, however, not restricted to differentiated thyroid cells and undifferentiated thyroid carcinoma cells but was also demonstrated in thyroid carcinoma cancer stem cells. Metformin markedly diminished growth stimulation by insulin and showed an additive antimitogenic effect to chemotherapeutics agents. Therefore, our results suggest this drug as adjuvant treatment for thyroid cancer in type 2 diabetic patients.